growth requirement of certain pleuropneumonialike organisms, can be replaced by ergosterol or cholestanol. Since cholesterol is incorporated unchanged, determination was made of the fate of substituted sterols. Ergosterol-grown cells contained predominately ergosterol, as evidenced by physical and chemical characteristics. The other components were decomposition products arising from radiation and experimental treatments. Cholestanol-grown cells contained predominately cholestanol. Radiation-or aeration-induced decomposition products of cholestanol were formed to a greater extent in inoculated than in uninoculated culture media. Sterols capable of substituting for cholesterol are incorporated without significant biologically induced alterations and carry out the function of cholesterol.
Cholesterol has been shown (Rothblat and Smith, 1961) to be incorporated intact primarily in the cell membrane or sedimentable fraction of pleuropneumonia-like organisms (PPLO). The only biologically induced changes cholesterol appears to undergo are esterification (Smith, 1959) and, in strains utilizing glucose, glycosidation (Rothblat and Smith, 1961) .
Sterol-requiring PPLO possess a specificity for compounds with a molecular configuration closely akin to cholesterol (Smith and Lynn, 1958) . Besides cholesterol, cholestanol and ergosterol will satisfy the sterol requirement. Since cholesterol is involved in enzyme reactions carried out by the PPLO and since sterol is an absolute growth requirement for certain strains, a study was conducted to determine whether other sterols, effective in supporting growth, were converted to cholesterol or were incorporated intact in place of cholesterol.
MATERIALS AND METHODS
Ergosterol-C'4 was prepared by the methods described by Klein (1955) and Clark and Bloch (1959) The mixture was chromatographed in the same system as previously described for cholesterol (Rothblat and Smith, 1961) . Three components were separated, with a total recovery from the column of 92% of both weight and radioactivity. The most polar component, representing 5.3% of the total radio-activity, and the least polar component, representing 17.6%, were yellow oily substances defying crystallization. The component eluted with propyl ether-chloroform (1:1, v/v) represented 70.0% of the total radioactivity. After two crystallizations from anhydrous methanol, its melting point was found to be 160 C, and its absorption maxima, determined in a Beckman DU spectrophotometer, were 264, 274, 285, and 297 m,. It possessed a specific activity of approximately 340 count per min per mg as measured in a Nuclear Measurements Corp. proportional counter, model PC 3A, at 1,750 v, employing a gas mixture of 90% argon and 10% methane (Smith and Rothblat, 1960) .
C14-labeled cholestanol acetate (10 mg; kindly supplied by David Kritchevsky, The Wistar Institute, Philadelphia, Pa.), with a specific activity of about 8,000 count per min per mg and a melting point of 109 C, was mixed with 250 mg of commercial unlabeled cholestanol (Nutritional Biochemicals Corp.) and refluxed with 0.5 N ethanolic potassium hydroxide for 45 min; the nonsaponifiable fraction was extracted with petroleum ether and evaporated under nitrogen. Cholestanol was purified by column chromatography (Rothblat and Smith, 1961) followed by crystallization from anhydrous methanol. The melting point of this material was 142 C.
Strain 07 of PPLO of human origin served as the test organism, since prior thorough study had been made regarding its sterol requirement (Smith and Lynn, 1958) . Cultivation of large quantities of cells supplied with the aforementioned sterols, used immediately after l)urification, was accomplished as previously described for sterol-requiring strains (Rothblat and Smith, 1961) . Analytical procedures employed also have been previously described (Rothblat and Smith, 1961) . Steryl acetates were prepared by the esterification procedure described by Kellie, Smith, and Wade (1953) , employing acetic anhydride. Column chromatography of the acetate esters was conducted on alumina, Brockman grade II, employing gradations of benzene .n petroleum ether.
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RESULTS
The high degree of decomposition of sterols, especially ergosterol, as a result of radiation, aeration, and light, necessitated the use of uninoculated control media in order to rule out Figure 1 shows the chromatographic elution patterns of ergosterol subjected to incubation in the culture medium, extraction, and saponification, and of the nonsaponifiable lipid fraction from strain 07 grown with ergosterol as the sole source of sterol. Four components were separated from the control ergosterol but one was so minor it could be considered an artifact. The ratio of the components, as they appeared from the column and calculated on the basis of radioactivity, was 0.38:1.00:0.43. The nonsaponifiable lipid fraction from strain 07 yielded three distinct components based on radioactivity, and four based on gravimetric analysis. The fourth and most polar component has appeared as unlabeled in previous studies on the fate of cholesterol-C'4 in PPLO (Rothblat and Smith, 1961) . It occurs when the column is stripped with methanol. The ratio of the three radioactive components, based on radioactivity in order of elution from the column, was 0.07: 1.00:0.50. The specific activity of the major component from each column was approximately 340 count per min per mg, identical to the starting material, ergosterol. The most polar and least polar radioactive components from the column were yellow oils, similar to the ergosterol prior to purification. The major component from both the control and the nonsaponifiable lipid of strain 07 was crystallized from anhydrous methanol and subjected to further analytical techniques. Table 1 summarizes the data obtained. It was concluded that the major component in the nonsaponifiable lipid of strain 07 was ergosterol, and the minor com--ponents were due to the effects of experimental procedure on ergosterol. Ergosterol was incorporated intact as a substitute for cholesterol. Figure 2 shows the chromatographic elution patterns of cholestanol subjected to experimental treatments, and the nonsaponifiable lipids of strain 07 grown with cholestanol as the source of sterol. Both the control and the nonsaponifiable lipids of strain 07 exhibited two radioactive components and four components based on gravimetric analysis. The ratio of the radioactive components as they appeared in the elution pattern of the control was 1.00:0.04; of strain 07, 1.00:0.21. Owing to the lack of sufficient material, only the major component from each column was subjected to further analysis after crystallization. Table 2 summarizes the properties of known cholestanol and the major component from the nonsaponifiable lipid of strain 07 grown with cholestanol.
It was concluded in the case of cholestanol that strain 07 incorporated it intact as a substitute for cholesterol. The significance of the greater proportion of the more polar radioactive component in the nonsaponifiable lipids of 07, compared with the control, is not known. It may be the result of biological activity or, more probably, an artifact due to radiodecomposition.
DISCUSSION
The data indicate that ergosterol and cholestanol can substitute for cholesterol as the sterol requirement for growth because they are incorporated intact and presumably can participate in the vital functions carried out with cholesterol. Their variance from the structure of cholesterol is insufficient to alter radically their performance. The rapid decomposition of ergosterol explains in part the quantitative difference in growth response to this compound and cholesterol or cholestanol (Smith and Lynn, 1958) . Prior to and during the incubation period, a considerable portion of the ergosterol is decomposed, making less of it available to the organisms. It is possible that the decomposition products compete for uptake or are actually inhibitory for growth.
The elution patterns of both ergosterol and cholestanol are similar to cholesterol (Rothblat and Smith, 1961) . In time sequence, there first appears a polar decomposition product, presumably an hydroxylated compound, followed by the appearance of a nonpolar product, presumably a dehydrogenated product of the first decomposition compound. Bergstr6m and Wintersteiner (1942) have shown that cholesterol aerated in aqueous colloidal solution with sodium stearate, even at 37 C, undergoes decomposition to 7-ketocholesterol or to 7-hydroxycholesterols. Cholesterol-C14 readily undergoes oxidation at the 7 position when stored in the presence of air (Dauben and Payot, 1956) . Evidence for the presence of a 7-dehydrocholesterol in the nonsaponifiable lipids of strain 07 grown with cholesterol was the detection of trace amounts of fast-acting Liebermann-Burchard-positive sterol (A7 stenols).
